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ACS APPARATUS AND METHOD FOR VITERBI DECODER 



The invention relates to methods of, and apparatus for, the calculation of metrics for use in, 
for example, the decoding of convolutionally encoded signals. 

A convolutionally encoded signal can be decoded using the Viterbi algorithm. 

In a decoding process using the Viterbi algorithm, a received signal is represented as a 
trellis of states and path metrics are calculated recursively for the states in the trellis by 
using branch metrics to move between the states. Figure 1 illustrates a butterfly calculation 
showing how, in Viterbi decoding, path metrics mi and m* N /2 are calculated for the k & stage 
of a trellis from path metrics m* and m 2i+ i of the k-l th stage of the trellis using the branch 
metric y between the k* and the k-l* stages. As is well known, each of the k Ul stage path 
metrics calculated in the illustrated butterfly calculation is determined using two k-1* stage 
path metrics in an add/compare/select (ACS) operation. 

One aim of the invention is to improve the manner in which ACS operations are 
performed. 

According to one aspect, the invention provides a method of calculating a first new path 
metric from two old path metrics and a branch metric, the method comprising: determining 
the difference between the two old path metrics; performing a first comparison of the 
branch metric and said difference; selecting, on the basis of said first comparison, one of 
the old path metrics for a first combination with the branch metric; and selecting, on the 
basis of said first comparison, whether said first combination is by addition or subtraction. 

The invention also consists in apparatus for calculating a first new path metric from two 
old path metrics and a branch metric, the apparatus comprising: subtracting means for 
determining the difference between the old path metrics; comparing means for performing 
a first comparison of the branch metric and said difference; and selecting means for 
selecting, on the basis of said first comparison, one of the old path metrics for a first 
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combination with the branch metric and for selecting, on the basis of said first comparison, 
whether said first combination is by addition or subtraction. 

By calculating path metrics in this fashion, relatively few operations are required thus 
providing the possibilities of enhancing the speed of operation of, and reducing the silicon 
area required for, hardware that is configured to calculate path metrics. 

In certain embodiments, a second new path metric is calculated from the old path metrics 
and the branch metric on the basis of a second comparison of the branch metric with the 
difference in the old path metrics. 

In some embodiments, the comparison that controls the calculation of a new path metric is 
the determination of which is the larger of the difference in the old path metrics and double 
the branch metric or which is the larger of the difference in the old path metrics and minus 
double the branch metric. 

In some embodiments, comparisons between the difference in the old path metrics and the 
branch metric involve inspecting the signs of the quantities to be compared to see if the 
result of the comparison can be deduced from said signs or whether the result of the 
comparison needs to be calculated from said difference and said branch metric. 

The invention is also applicable to decoding schemes other than the Viterbi algorithm, 
where butterfly calculations may be used. For example, the invention can be used in 
log-MAP decoding processes. 

From a further perspective, the invention also relates to computer programmes, conveyed 
on a suitable storage device or otherwise, for performing metric calculation methods 
according to the invention. 

By way of example only, an embodiment of the invention will now be described with 
reference to the accompanying figures, in which: 
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Figure 1 illustrates metric calculations forming a butterfly calculation; 
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Figure 2 illustrates a circuit for performing ACS operations; 

Figure 3 illustrates the selector control unit of the circuit of Figure 2 in more detail; 

Figure 4 illustrates the comparison unit of Figure 3 in more detail; and 

Figure 5 illustrates an alternative circuit that can be used for the comparison unit of Figure 
3. 

In Figure 1 , mi(k) is the greater of [m 2t (k- 1) + y] and [m 2i+ \ (k- l)-y]. The condition of 
the former quantity being greater than the latter can be expressed as the inequality: 

m 2l (k- l)-m 2i +i(k- \) = Am>-2y - inequality 1. 

Similarly, m i+N /2 (k) is the greater of [m 2M (k~l)-y] and [m 2i (k-l) + y] and the 
condition of the former quantity being greater than the latter can be re-expressed as the 
inequality: 

Am>2y - inequality 2. 

Figure 2 illustrates a circuit 10 for producing the metrics mj(k) and mi+m (k) from metrics 
m 2 i(k-l) and m 2i+ ,(k-l) by performing 2 ACS operations in parallel. The circuit 10 
comprises two adders 12 and 14, four selectors 16, 18, 20 and 22 and a selector control unit 
24. The inputs to the circuit 10 are the path metrics m 2i (k-l) and m 2i+ i(k-l), the branch 
metric y leading from trellis stage k-1 and to trellis stage k a negative version of the branch 
metric, -y. These four inputs are variously supplied to the selector units 16, 18, 20 and 22 
and the two path metrics and y are used as inputs for the selector control unit 24. 

Each of the selector units 16, 18, 20 and 22 receives two of the inputs to the circuit and, 
under the control of a selection signal provided by the selector control unit, passes one of 
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its two inputs to its output The inputs to selector unit 16 are the two path metrics. 
Selector unit 20 has the same inputs. The branch metric y and the negative version of the 
branch metric are the two inputs to selector unit 18. Selector unit 22 has the same inputs as 
selector unit 18. The outputs of selector unit 16 and 18 are added together at adder 12 and 
the outputs of selector units 20 and 22 are added together at adder 14. 

The inputs to the two adders are dictated by the control signals that are supplied to the four 
selector units. Selector units 16 and 18 are driven by the same control signal 26 and 
selector units 20 and 22 are likewise driven by a common control signal 28. Each of the 
control signals 26 and 28 can take only the logical values 1 and 0. The data inputs to the 
selectors 16, 18, 20 and 22 are all marked either 1 or 0. If the control input to a selector has 
the value logical 1, then the data input of the selector that is marked 1 is passed to the 
output of the selector. Otherwise, when the control signal of a selector has the value 
logical 0, the data input of the selector that is marked logical 0 is passed to the output of the 
selector. 

The output of adder 12 is the metric mi(k) and takes the value of one of the input path 
metrics summed with either the positive or negative version of the branch metric, 
depending upon the value of control signal 26. Control signal 26, after passing through 
NOT gate 19, also provides an item of traceback data for the calculation of metric mj(k). 
The output of adder 14 is the metric mi +N «(k) and again takes the value of one of the input 
path metrics summed with either the positive or the negative version of the branch metric, 
depending upon the value of control signal 28. Control signal 28, after passing through 
NOT gate 21, also provides an item of traceback data for the calculation of metric m^Ck). 
The production of the control signals 26 and 28 will now be described with reference to 
Figure 3, which shows the selector control unit 24 in more detail. 

As shown in Figure 3, the selector control unit 24 comprises an adder 30, configured to 
perform subtraction, a bit shifter 32 and a comparison unit 34. It will be recalled that the 
three inputs to the selector control unit 24 are the two input path metrics and the branch 
metric y. The two path metrics are supplied as the inputs to adder 30 whose output is then 
the difference in the two path metrics, Am, as defined in inequalities 1 and 2. The branch 
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metric y is supplied to bit shifter 32 which moves the bits in the word representing y one by 
place in the direction of increasing significance and appends a zero at the least significant 
end of the word. In this way, shifter 32 doubles the value of y. 

The quantities Am and 2y are supplied to comparison unit 34 in order to test the 
inequalities 1 and 2. The outputs of the comparison unit 34 are the control signals 26 and 
28 for controlling the selector units of Figure 1. Control signal 26 is the result of inequality 
1 and control signal 28 is the result of inequality 2. The control signals 26 and 28 take the 
value of logical 1 if their respective inequalities are true on the basis of the inputs to the 
selector control unit 24 and the value of control signals 26 and 28 are logical 0 if their 
respective inequalities are false. 

Figure 4 shows the construction of the comparison unit 34. The comparison unit 34 
comprises two adders 36 and 38 and two check units 40 and 42. The two inputs to the 
comparison unit 34, Am and 2y, are both supplied to each of the two adders 36 and 38. 
Adder 36 outputs a signal representing the quantity Am+2y. The adder 38 is configured to 
perform the subtraction Am-2y. The check units 40 and 42 each evaluate whether the 
output of their preceding adder is greater than zero. The implementation used for the check 
units 40 and 42 will depend upon the convention used to represent binary numbers within 
the system. For example, the check units 40 and 42 may simply evaluate the state of a sign 
bit of their respective input words. It will be apparent that the output of check unit 40 
indicates whether inequality 1 is true or false and that the output of check unit 42 indicates 
whether or not inequality 2 is true or false. 

Figure 5 shows an alternative construction 34' that can be used for the comparison unit 
within the selector unit 24. The inputs to the comparison unit 34 f are still 2y and Am and 
these signals are again used to produce the two control signals 26 and 28 that indicate 
whether or not inequalities 1 and 2 are true or false. 

The comparison unit 34 1 comprises an exclusive-or (XOR) gate 44, a multi-bit XOR gate 
46, an adder 48, three NOT gates 50, 52 and 54 and two selectors 56 and 58. The input Am 
is supplied to one of the inputs of the adder 48. The input 2y is supplied to an input of the 
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multi-bit XOR gate 46. The other input of the multi-bit XOR gate 46 is a single-bit control 
signal 60. The multi-bit XOR gate 46 performs a bitwise XOR operation on the word 2y 
and the single bit control signal 60. That is to say, multi-bit XOR gate 46 multiplies each 
bit of the word 2y with the single-bit control signal 60 to produce a resultant word which is 
supplied to the other input of adder 48. The control signal 60 is also supplied to a 
"carry-in" input of the adder 48. 

The most significant bits (MSBs) of the inputs 2y and Am are combined at XOR gate 44. 
The values Am and 2y are in twos complement format such that their MSBs are sign bits 
with logical 1 indicating a negative number and logical 0 indicating a positive number. 
The output of XOR gate 44 is logical 1 if the values Am and 2y have opposite signs and is 
logical 0 otherwise. 

The output of the XOR gate 44 is used to control selectors 56 and 58. Each of the selectors 
56 and 58 has a pair of data inputs. One of the data inputs in each pair is marked 1 and the 
other data input is marked 0. When the output of XOR gate 44 has the value logical 1, the 
selectors 56 and 58 transfer to their outputs the signals applied to their inputs that are 
marked 1. If the output of XOR gate 44 has the value logical 0, then the selectors 56 and 
58 transfer to their outputs the signals applied to their inputs that are marked 0. The 
outputs of the selectors 56 and 58 constitute the control signals 26 and 28 respectively. 

In addition to being used to control the selectors 56 and 58, the output of the XOR gate 44 
is passed through NOT gate 50 to produce control signal 60. The control signal 60 causes 
the adder 48 to calculate the value Am+2y or Am-2y depending upon whether the control 
signal 60 has the value logical 0 or logical 1 respectively. The multi-bit XOR gate 46 has 
no effect on 2y when the control signal 60 has the value logical 0. Likewise, the control 
signal 60 does not affect the operation of the adder 48 when it has the state logical 0. 
When the control signal 60 has the state logical 1, the output of the multi-bit XOR gate 46 
is a twos complement word whose algebraic equivalent is -2y-l. The adder 48 adds this 
quantity to Am but, because the "carry-in" input is now logical 1, the overall calculation 
performed by the adder 48 is (algebraically) -2y-l+Am+l = Am-2y. Thus, the multi-bit 
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XOR gate 46 and the adder 48 work together under aegis of control signal 60 to calculate 
the sum Am+2y or Am-2y. 

Because the twos complement convention is being used for representing binary numbers in 
the circuit, the MSB of the result of adder 48 is a sign bit which has the value logical 1 if 
the adder result is negative and otherwise has the value logical 0. The MSB of the result of 
adder 48 is then passed through NOT gate 52 to provide an input for terminal "0" of 
selector 56 and an input for the terminal "1" of selector 58. Terminal "1" of selector 56 is 
supplied with the MSB of Am. The MSB of Am is also passed through NOT gate 54 to 
provide an input for terminal "0" of selector 58. The output of selector 58 is control signal 
26 and has the value logical 1 when inequality 1 is true and logical 0 when the inequality is 
false. The output of selector 56 is control signal 28 and has the value logical 1 when 
inequality 2 is true and logical 0 when the inequality is false. 

The following truth tables describe the circuit of Figure 5: 
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CLAIMS 

1 . A method of calculating a first new path metric from two old path metrics and a branch 
metric, the method comprising: determining the difference between the two old path 
metrics; performing a first comparison of the branch metric and said difference; 
selecting, on the basis of said first comparison, one of the old path metrics for a first 
combination with the branch metric; and selecting, on the basis of said first 
comparison, whether said first combination is by addition or subtraction. 

2. A method according to claim 1, wherein said first comparison comprises determining 
whether the result of the first comparison can be determined from the signs of said 
difference and said branch metric or whether the result "of the first comparison needs to 
be calculated from said difference and said branch metric. 

3. A method according to claim 1 or 2, further comprising storing the outcome of the first 
comparison for use as an item of trace-back information. 

4. A method according to claim 1, 2 or 3, wherein said first comparison comprises 
determining which is the larger of said difference and double the branch metric. 

5. A method according to any one of claims 1 to 4, further comprising calculating a 
second new path metric from the two old path metrics and the branch metric by: 
performing a second comparison of the branch metric and said difference; selecting, on 
the basis of said second comparison, one of the old path metrics for a second 
combination with the branch metric; and selecting, on the basis of said second 
comparison, whether said second combination is by addition or subtraction. 

6. A method according to claim 5, wherein said second comparison comprises 
determining whether the result of the second comparison can be determined from the 
signs of said difference and said branch metric or whether the result of the second 
comparison needs to be calculated from said difference and said branch metric. 

7. A method according to claim 5 or 6, further comprising storing the outcome of the 
second comparison for use as an item of trace-back information. 



WO 2004/098068 PCT/GB2004/001770 

10 

8. A method according to claim 5, 6 or 7, wherein said second comparison comprises 
determining which is the larger of said difference and minus double the branch metric. 

9. A method according to claim 1, 2 or 3, wherein said first comparison comprises 
determining which is the larger of said difference and minus double the branch metric. 

10. Apparatus for calculating a first new path metric from two old path metrics and a 
branch metric, the apparatus comprising: subtracting means for determining the 
difference between the old path metrics; comparing means for performing a first 
comparison of the branch metric and said difference; and selecting means for selecting, 
on the basis of said first comparison, one of the old path metrics for a first combination 
with the branch metric and for selecting, on the basis of said first comparison, whether 
said first combination is by addition or subtraction. 

11. Apparatus according to claim 10, wherein said comparing means is arranged to 
determine whether the result of the first comparison can be determined from the signs 
of said difference and said branch metric or whether the result of the first comparison 
needs to be calculated from said difference and said branch metric. 

12. Apparatus according to claim 10 or 1 1, further comprising storage means for storing the 
outcome of the first comparison for use as an item of trace-back information. 

13. Apparatus according to claim 10, 11 or 12, wherein said first comparison comprises 
determining which is the larger of said difference and double the branch metric. 

14. Apparatus according to any one of claims 10 to 13, wherein said apparatus is arranged 
to calculate a second new path metric from said old metrics and said branch metric, 
said comparing means is arranged to perform a second comparison of the branch metric 
and said difference and the selecting means is arranged to select, on the basis of said 
second comparison, one of the old path metrics for a second combination with the 
branch metric and is arranged to select, on the basis of said second comparison, 
whether said second combination is by addition or subtraction. 

15. Apparatus according to claim 14, wherein said comparing means is arranged to 
determine whether the result of the second comparison can be determined from the 
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signs of said difference and said branch metrics or whether the result of the first 
comparison needs to be calculated from said difference and said branch metric. 

16. Apparatus according to claim 14 or 15, further comprising storage means for storing the 
outcome of the second comparison for use as an item of trace-back information. 

17. Apparatus according to claim 14, 15 or 16, wherein said second comparison comprises 
determining which is the larger of said difference and minus double the branch metric. 

18. Apparatus according to claim 10, 11 or 12, wherein said first comparison comprises 
determining which is the larger of said difference and minus double the branch metric. 

19. A program for causing data processing apparatus to perform a method according to any 
one of claims 1 to 9. 

20. A method of calculating one or more new path metrics from two old path metrics and a 
branch metric, the method being substantially as hereinbefore described with reference 
to the accompanying figures. 

21. Apparatus for calculating one or more new path metrics from two old path metrics and 
a branch metric, the apparatus being substantially as hereinbefore described with 
reference to the accompanying figures. 
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5 — s searchable claims. 



J As all searchable claims could be searched without effort justifying an additional fee, this Authority did not Invite payment 
— of any additional fee. 



I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
J — 1 covers only those claims tor which fees were paid, specifically claims Nos.: 



I I No required additional search fees were timely paid by the applicant. Consequently, this international Search Report Js 
restricted to the Invention first mentioned in the daims; it is covered by claims Nos.: 




see FURTHER INFORMATION sheet PCT/ISA/210 
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Claims Nos. : 20, 21 



These claims do not specify the features to be protected but refer to 
the description and the drav/ings. Hence, the features to be searched are 
not clear. 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This 1s the case Irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPO, the applicant is reminded that a search may be carried 
out during examination before the EPO (see EPO Guideline C-VI, 8.5), 
should the problems which led to the Article 17(2) declaration be 
overcome. 
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